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Abstract 
The adsorption properties of sensitive films formed by gold nanoparticles, dropped from solutions with different nanoparticles 
content are investigated using mass-sensitive (QCM) sensors. The dependence of surface adsorption capacity on nanoparticles 
concentration is shown. The decrease of surface concentration of nanoparticles leads to the increase of sensors sensitivity to 
different alcohols and water. The adsorption character of water (response amplitude and kinetics) substantially differs form that 
of alcohols. The sensitivity of gold nanoparticles layers to water is more then one order higher then to alcohols. The kinetics of 
water adsorption runs in two stages. 
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1. Introduction 
Nanostructure layers are of significant interest for their application in gas sensing. Their adsorption properties 
depend on surface morphology, typical particle size, packing of nanoparticles etc. Since there are a lot of ways of 
controlling the surface organization of nanoparticles, these materials provide one with flexible methods of creation 
of sensitive layers with definite adsorption properties. 
 
Gold nanoparticles are widely used in sensor technology. There are a lot of reports on their applications as 
transducer platforms for the fabrication of biosensors [1], for the creation of nanocomposite sensitive films for 
chemical and biosensors [2-4] etc. However the information about adsorption properties of layers formed by gold 
nanoparticles without any admixtures is not complete at the moment. In the same time such surfaces are of 
significant interest for sensor applications since they demonstrate some characteristic peculiarities of adsorption for 
different analytes.  
 
In the present work the adsorption properties of gold nanoparticles layers deposited on the surface of mass-
sensitive (QCM) sensors were investigated. The unusually high sensitivity to water was observed. The peculiarities 
of adsorption process of water and several alcohols are discussed.  
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 2. Experiment 
The colloidal gold (spheres with the average size about 13-18 nm) was prepared as described in [5]. The stability 
of the solution was proved by the spectral measurements repeated with the period of one month. The solutions of 
three concentrations of gold nanoparticles were prepared and deposited by dropping directly on the electrode of 
QCM sensor. (The response of uncoated QCM on all used analytes doesn’t exceed 10 Hz.)  The nanoparticles 
concentrations were: 1) 1,3·109 μl-1; 2) 0,72·109 μl-1; 3) 0,5·109 μl-1. QCM sensors were placed in the flow-type 
measurement chamber, argon was used to carry saturated analyte’s vapor form the bottle with the analyte in liquid 
state with constant flow rate. The analytes were water, ethanol, methanol and isobultyl alcohol. QCM’s oscillating 
frequency shift due to adsorption of vapor molecules was measured. For the more detailed information about the 
measurement setup and procedure see [6].  
 
3. Results and discussion 
The responses of QCM sensors coated with gold nanoparticles of three different concentrations on ethanol are 
presented on fig.1, a. The adsorption kinetics for methanol and isobutyl alcohol has similar character.  
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Fig. 1.  The kinetics of ethanol (a) and water (b) vapors adsorption for the coatings prepared from the solutions with gold nanoparticles 
concentrations 1,3·109 -1μl ; 0,72·109 -1μl ; and 0,5·109 -1μl . 
 
 
Fig. 1,b represents the response of the same coatings on water. The amplitude of response in this case riches 1170 
Hz for the most sensitive coating that is quite big for this type of sensors. As it is seen form the picture, the 
adsorption of water molecules runs in two stages: first, up to 60-90 Hz and second, from 60-90 up to 1000 Hz, each 
stage with different kinetics. This effect requires some additional investigations to be explained. It is known that 
water molecules form clusters when adsorbing on metal surfaces due to the hydrogen bonds that have binding 
energy comparable with the energy of water-metal bonding. The rapid change of kinetics can be concerned with the 
forming of such water aggregates beginning from the certain concentration of adsorbed molecules on the surface. 
 
The sequence of adsorption curves on the fig.1, a, b demonstrates that the sensitivity of sensors to each analyte is 
in inverse proportion to the concentration of gold nanoparticles in the source solution.  The dependences of response 
amplitudes on the concentration of gold nanoparticles for three alcohols and water are shown on fig.2.  
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Fig.2. The amplitudes of QCM sensors responses on three alcohols (ethanol, methanol and isobutyl), a, and  water, b, depending of the gold 
nanoparticles concentration. 
 
The AFM images prove that the surface concentration of gold nanoparticles is defined by their concentration in 
the source solution. The AFM images of gold nanoparticles surfaces obtained form solutions with concentrations 
1,3·109 μl-1 and 0,72·109μl-1 are presented on Fig. 3.  
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Fig.3. AFM images of sensor coatings obtained by dropping from the solutions with gold nanoparticles concentrations 1,3·109 -1μl  (a) and 
0,72·109 -1μl  (c). The corresponding scan profiles are presented as well (b, d, respectively). 
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 From the practical point of view the effect of increasing of sensitivity with the decrease of surface concentration 
of gold nanoparticles is of significant interest since the adsorption properties of such layers can be controlled by 
changing the concentration of nanoparticles.  The unusually high sensitivity to water vapor is another one property 
important for practical applications. However further investigations in this area with the aim to understand the 
effects observed are necessary. 
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